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T 
HE [ N O S I T O L - C O N T A I N I N G  P t t O S P t t A T I D E S  have been 
the subject of many investigations since Klenk 
and Sakai (20) first reported the presence of 
inositoI in soybean ]ipides. Progress has been slow, 
par t ly  because of the lack of satisfactory fraction- 
ation methods and of adequate criteria of pur i ty ;  
nevertheless some useful information has been ob- 
tained as to the nature and number of the inositol- 
containing" lipides of corn and soybean (11-13, 17, 
18, 24-26, 32-35, 37). Folch (12, 13), Woolley (37), 
and others (18, 24, 26) have obtained purified frac- 
tions of higher inositol content by solvent-fractiona- 
tion procedures. These materials were reported to 
contain f a t ty  acids, glycerol, inositol, and phosphate;  
certain preparations, had,  in addition, carbohydrate  
components and tar tar ic  acid. The only nitrogenous 
substances detected were ethanolamine and serine, 
which is of some interest in the light of the results 
to be presented in this paper. 
Dutton and co-workers (32, 33) and McGuire and 
Earle (22) have applied countercurrent  distribution 
techniques to the lipides of corn, soybean, and flax- 
seed. By using a methanol-hexane system, two inosi- 
tol-containing fractions were obtained, one moving 
with the hexane, the other remaining in the early 
methanol tubes. These results give no information as 
to the homogeneity of the fractions, and with this 
system emulsion problems limit the practical exten- 
sion of the distribution process. Itowever, in the 
course, of these studies, galaetose, arabinose, and man- 
nose were identified by paper chromatography in 
various inositol lipide fractions (33). 
The results of the eountercurrent  distribution and 
solvent-fractionation studies have established the oc- 
currence of two types of inositides in plant  lipides. 
The better characterized of these is phosphatidyl  
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Phosphatidyl  inositol has been isolated from several 
plant sources [soybean (25), wheat germ (11), peas 
(35) j, and a phosphatidyl  inositol-like material with 
a phosphorus to inositol ratio of 1.8 has been obtained 
in a part ial ly purified form from soybean (32). 
The more complex carbohydrate-containing inosi- 
tides have been less well-characterized. Folch (13) 
fract ionated soybean phosphatides by a chloroform- 
ethanol technique and obtained a fract ion which con- 
tained inositol, carbohydrate,  glycerol, p r imary  amine 
(unidentified) f a t ty  acids, and phosphoric acid. Haw- 
thorne and Chargaff (18), by a similar solvent-frac- 
tionation procedure, obtabled all inositol lipide, which 
oH hydrolysis gave an organic phosphate containing 
iuositol, galactose, and arabinose. More recently Mal- 
kin and Peele (24) have purified similar fractions 
fur ther  and have tentatively assiglled s t ructure  I I  
O 
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to the nlain constituent. I t  should be noted that  none 
of these materials were established to be homogeneous. 
Some years ago in our laboratories a procedure was 
devised for prepar ing  a purified inositol lipide mix- 
ture  s essentially devoid of lecithin, cephalin, stcrols, 
and non-lipide contaminants (1). Countereurrent  dis- 
t r ibution studies on this material, using a methanol- 
1 The soybean phosphatide work w a s  done u n d e r  contract  w i t h  the 
U. S. Department  of Agriculture and was authorized by the Research 
and Marketing Act. The contract was supervised by Kerber t  J', Dutton 
and John C. Cowan of the Northern Utilization Research and Develop- 
merit Division of the Agricultural Research Service, Peoria, Ill. The 
corn phosphatide work was supported in par t  by research grants  
(B574-C2, 3, 4) from the National Institutes of Health, United States 
Public :Health Service. Par t  of the material  in this paper  Was taken 
from the theses submitted by Walter  D. Celmer, William E. M. Lands, 
John :H. Law, and ]t.  H. Tomizawa to the Graduate College of the 
University of Illinois in partial  fulfilment of the requirements for the 
degree of Doctor of Philosophy in Chemistry. 
~_4_ preliminary report  of this work has been published (4) .  For 
number  IX  in this series see reference (2) .  
Present  address, Chas. Pfizer and Sons, Brooklyn, N. Y. 
4 Postdoctorate Research Associate, Department  of Chemistry. 
s Present  address, Department  of Biological Chemistry, University of 
Michigan, Ann Arbor, Mich. 
Present  address, Converse Memorial Laboratory, H a r v a r d  Unive r - 
sity, Cambridge, Mass. 
7Present  address, University of Washington, School of Medicine, 
Seattle, Wash. 
s I n  this paper the term inosit01 lipide ( I L )  will be used to designate 
the mixture of inositel-e~ntaining lipides which were obtained from a 
variety of plant seed  phosphatides by this procedure. 
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hexane system, gave results essentially identical with 
those of Scholfield and Dutton. Degradation studies 
on the crude corn IL s led to the discovery of the pres- 
ence of a long-chain basic constituent. This substance 
was shown to be identical with cerebrin base [iso- 
lated previously from yeasts and molds (5)],  and its 
structure ( I I I )  was established by periodate oxida- 
CH~ (CH~)~3Ctt--CH--CH--CII~.Ott (III) 
OH OH NH2 
tion (1). The base was designated as phytosphingosine 
because of its origin and close similarity in structure 
to sphingosine. Pro~tenik and Stana~ev (29) have 
synthesized a mixture of the raccmic forms of this 
substance. 
The discovery of the presence of phytosphingosine 
in corn (and later soybean) phosphatides provided 
an additional analytical tool [McKibben-Taylor long- 
chain base determination (23)], with which to follow 
fractionation procedures. It  was decided therefore to 
make a fur ther  study of the countercurrent distribu- 
tion as a method for the fractionas of inositol lipide 
mixtures. Investigation of several solvent systems 
provided one (n-heptane, n-butanol, methanol, water) 
which gave satisfaetory distribution of the components 
with less difficulty with emulsions. Using this system, 
30-, 100-, and 400-transfer distributions have been car- 
ried out on corn IL. 
In the 100-transfer (single withdrawal) distribu- 
tion three peaks were observed [tubes 6 (peak A), 
24 (peak B), and 56 (peak C), respectively]. Peaks 
A and B overlapped, but peak C moved almost with 
the heptane front (Figure 1). 
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Through the courtesy of H. J. Dutton (Northern 
Regional Utilization Branch, U.S.D.A.), a 400-trans- 
fer (single withdrawal) separation was made with a 
200-tube automatic apparatus. Unfortunately several 
fractions were lost (tubes 46-60). However the ana- 
lytical data (Tables I and II)  show a cleaner separa- 
tion of peaks A1 and B1 and the partial resolution of 
B1 into three peaks (B1, C1, ])1). The main heptane- 
soluble fraction has been separated into two peaks 
(El, F1). All fractions contained inositol, and all  
T A B L E  I 
Coun te rcu r ren t  Dis t r ibu t ion  of Corn Inos i to l  L ip ide  a 
Tubes 
F rac t ion  com- 
bined 
A ....................... 
B ....................... [ 12 -18  
C ........................ [ 1 9 - 3 0  
D ....................... I 3 1 - 5 3  
E (heptane- [ 
soluble) ......... 5 4 - 6 2  
Corn I L  ............. ] .... 







Ni t rogen  P h o s  
Tot a ~ B  b phorus  Carb. c 
% ] % / % / % 
0.44 [ 0.15 2.90 ...... 
0.76 0.32 2.92 5.0 
1.17 0.45 1.98 8.3 
1.18 0.54 1.41 12.7 
1.05 0.24 5.35 5.5 
0.80 ] 0.31 ] 3.70 / 6.0 
a Fou r  g rams  of corn inosi tol  l ip ide  dissolved in  80 ml. of upper  
phase (n-heptane-n-butanoI-methanol-water  sys t em) ;  solut ion introduced 
as upper  phase  of Tube 0 in 54-tube appa ra tu s  and  subjected to a 
100- t ransfer  s ingle  w i t h d r a w a l  d i s t r ibu t ion .  All ana ly t ica l  da ta  ex- 
pressed as weight  % of the l ipide f rac t ion  analyzed. 
b Long chain  base n i t rogen  as de te rmined  by the McKibben-Taylor  
procedure ( 1 9 ) ;  both sphingos ine  and phytosph ingos ine  are determined 
by this  method. 
Carbohydrate  values  determined as galactose by the anthrone  pro- 
cedure (30)  appl ied  to the unhydrolyzed l ip ide  fract ion.  
except E1 contained glycerol. Fraction A1 was car- 
bohydrate-free and low in nitrogen. It  appeared to 
contain mainly phosphatidyl inositol and, by the lead 
salt precipitation procedure of Scholfield and nut-  
ton (32), yielded an essentially nitrogen-free inositol 
phosphatide. 
Fractions C1 and D1 were rich in phytosphingosine 
which accounted for 30-50% of the total nitrogen, 
They contained in addition glycerol, inositol, and 
carbohydrate. 
Fraction E1 (the major heptane peak) contained 
an unusual substance, high in phosphorus and ash. 
On acid hydrolysis it yielded inositol polyphosphate, 
fat ty acids, a small amount of glycerol, and several 
ninhydrin-positive substances. Alkaline hydrolysis of 
Fraction E1 gave an insoluble product (salts of in- 
ositol polyphosphate?) with an ash content of 60- 
65%. Since Fraction E1 material occurred in several 
of the phosphatides examined and was obtained con- 
sistently by procedures described later, it was decided 
to name it lipophytin. In our experience lipophytin is 
always present in inositol lipide preparations, the 
phosphorus content of which exceeds 4.0%. Its pres- 
ence in crude phosphatides and in the inositol lipide 
preparations complicates purification of the phyto- 
sphingolipides. Hence considerable effort was devoted 
to devising procedures for its removal other than the 
tedious countercurrent distribution method. It  was 
discovered that lipophytin can be precipitated from 
chloroform (or hexane) solutions of inositol lipide by 
adding a limited amount of ethanol (not more than 
one volume). However the main bulk of the inositol 
lipide is precipitated when two volumes of ethanol 
are added. This procedure therefore is not sufficiently 
specific but can be used to remove the bulk of the 
lipophytin together with small amounts of other 
inositol-containing lipides. A somewhat cleaner sep- 
aration was obtained by dissolving the inositol lipide 
in the upper (hexane-rich) phase of a hexaue-butanol- 
T A B L E  I I  
Coun te rcu r ren t  Dis t r ibu t ion  of Corn Inosi tol  L ip ide~ 
Ni t rogen  ~ ^^ 
Frac t ion  
A t  . . . . . . . . . . . . . . . . . . . . . . . . .  
B1 . . . . . . . . . . . . . . . . . . . . . . . . .  
C1 .......................... 
n l  ......................... 
E l ( h e p t a n e )  ......... 
F l ( h e p t a n e )  ......... 
Corn I L  ................ 
Tubes  
combined 
2 5 - 4 5  
8 0 - 9 5  
1 1 5 - 1 4 0  
1 5 0 - 1 7 5  
2 0 5 - 2 3 5  










Total  [ L C B  paoru~ 
I 
% 1 %  
0.37 ] 0.11 
0.43 [ 0.16 
1.25 [ 0.53 
1.12 0.38 
0.96 0.19 





















a SiXteen g rams  of corn inusi tul  l ipide dissolved in t 6 0  mh of upper  
phase ;  solut ion d i s t r ibu ted  as uppe r  phase  of tubes  0 - 7  in  200-tube 
appara tus  and subjected to 400 t rans fe r  s ingle  w i thd rawa l  d is t r ibut ion .  
Da ta  recorded as in Table I. 
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methanol water system and adding an equal volume 
of the lower phase. Lipophytin separated, and cen- 
trifugation of the lower phase at --5 ~ gave a light 
tan solid (about 5-8% yield) with a phosphorus con- 
tent of 11-12%. The purified inositol lipides obtained 
by this procedure generally had a phosphorus content 
of 3.7-3.8%. 
Although fractions C1 and D1 of the 400-trans- 
fer distribution were considerably enriched in long- 
chain base, it was obvious that many more transfers 
would be necessary to obtain homogeneous samples 
of these components. In addition, this method limits 
the amount of material which can be obtained, and 
it seemed probable that large samples might be neces- 
sary for chemical studies. Therefore, before pursu- 
ing eountercurrent distribution methods further, it 
was decided to attempt the purification of the phyto- 
sphingolipide fraction by other procedures. 
Schmidt et al. (31) have employed mild alkaline 
saponification for the separation of sphingolipides 
from glyeerolipides. Under the conditions employed, 
ester groups are hydrolyzed and glycerol-derived 
phosphatides are converted to fa t ty  acid salts and 
other water-soluble products. Sphingomyelins and 
cerebrosides are stable under these conditions and can 
be separated readily from the hydrolysis mixture. In 
the hope of obtaining the phytosphingolipide frac- 
tion free of other phospholipides, corn IL was sub- 
jeeted to mild alkaline hydrolysis. The product was 
an amorphous insoluble precipitate, which could be 
freed of fat ty acids by acetone extraction and fur- 
ther purified by precipitation from pyridine solution 
with ethanol. The same material could be obtained 
(in proportionately lower yields) from the original 
corn phosphatide. Similar products were subsequently 
obtained from soybean, flax, peanut, wheat, cotton- 
seed, and sunflowersecd phosphatides. In view of the 
similarity in properties and constancy of chemical 
composition of these products the term phytoglyeo- 
lipide has been applied to them. Typical data on the 
preparation and purification of phytoglycolipide from 
several sources are presented in Tables III,  IV, and V. 
The purified phytoglycolipide samples were obtained 
as white amorphous powders, which were almost in- 
soluble in the common organic solvents except in the 
basic ones, such as pyridine and morpholine. Phyto- 
glycolipide dissolved slowly in aqueous alkali, giving 
a soapy solution from which the free acid could be 
precipitated by acidification to pH 1. Addition of 
acetone to the aqueous suspension resulted in a pre- 
cipitate which filtered more readily. Phytoglycolipide, 
obtained by precipitation from pyridine, was ash- 
f ree  and gave a nitrogen to phosphorus ratio of about 
2:1 and a total nitrogen to long-chain-base nitrogen 
of 2:1. [An uncharacterized material with similar 
nitrogen and phosphorus analyses and similar solu- 
bility properties has been prepared from soybean 
phosphatides by van Handel (34)] 
T A B L E  III 
A n a l y s e s  of  I n o s i t o l  L i p i d e s  a n d  C o m m e r e i a l  P h o s p h a t i d e s  
S t a r t i n g  m a t e r i a l  N i t r o g e n  n i L r ~ B  a P h o s -  
_ _  _ _  n i t r o g e n  ~ p]~toru s 
I ~ I % I % C o r n  I L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 9 4  I 0 . 3 2  4 . 8 3  
F l a x s e e d  I L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 9 2  ~ 0 . 4 1  I 3 . 4 6  
S o y b e a n  l e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 9 9  ~ 0 . 0 5 6  / 2 . 7 9  
P e a n u t  l e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 . 2 1  / 0 . 0 5 1  [ 1 . 2 7  
C o t t o n s e e d  p h o s p h a t i d e s  . . . . . . . . . . . . . . . . . . . . . . .  ] 1 . 3 2  / 0 . 0 4 4  I 3 . 8 9  
S u n f i o w e r s e e d  p h o s p h a t i d e s  . . . . . . . . . . . . . . . . . .  ~ 1 . 0 3  ~ 0 . 3 2 9  I 2 . 9 3  
W h e a t  g e r m  p h o s p h a t i d e s  . . . . . . . . . . . . . . . . . . . . .  | 1 . 4 6  ~ 0 . 0 8 9  t 3 . 1 7  
a L o n g - c h a i n  b a s e  n i t r o g e n .  
T A B L E  I V  
C r u d e  P h y t o g l y e o l i p i d e s  f r o m  T h a n n h a u s e r - S c h m i d t  H y d r o l y s e s  
. - 9 N i t r o -  L C B  P h o s -  
. . . .  S t a r t i n g  m a t e r i a l  u  g e n  n i t r o g e n  p h o r u s  
% % % % 
C o r n  I L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 7 . 0  } 1 . 5 3  I 0 . 7 5  I 2 , 6 6  
F l a x s e e d  I L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 8 . 0  / 1 . 5 7  I 0 . 8 0  ] 2 . 0 6  
S o y b e a n  l e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7 .2  I 0 . 6 2  [ 0 . 3 7  / 0 . 4 9  
P e a n u t  l e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 1 1 . 0  I 0 . 8 2  [ 0 . 4 0  I 1 . 1 0  
C o t t o n s e e d  p h o s p h a t i d e s  . . . . . . . . . . . . . . . .  3 .8  0 . 8 3  0 . 3 6  1 . 0 9  
S u n f l o w e r s e e d  p h o s p h a t i d e s  . . . . . . . . . .  ] 7 .5  I . . . . . .  I 0 . 4 4  / . . . . . .  
W h e a t  germ p h o s p h a t i d e s  . . . . . . . . . . . . . .  / 1 6 . 5  [ 0 . 9 5  I 0 . 2 5  / 1 . 0 3  
As indicated earlier, the preparation of phytogly- 
colipide is complicated by the presence of lipophytin, 
which forms the high phosphorus, water-insoluble 
material on alkaline hydrolysis. This difficulty can 
be avoided by removal of lipophytin prior to the 
hydrolysis step. Or, alternatively, the degradation 
product, which is relatively insoluble in pyridine, 
can be removed in the purification of the phyto- 
glyeolipides. However mechanical difficulties compli- 
cute this step, and some phytoglyeolipide is lost. 
Since the preparation of inositol lipide is a tedi- 
ous process, a study was made of the preparation 
of phytoglyeolipide directly from commercial phos- 
phatides. Commercial soybean lecithin from several 
sources was employed in these studies. Mild alka- 
line saponification yielded a crude phytosphingolipide 
fraction containing sterot glucoside, in addition to the 
"high-phosphorus" impurity. The former can be re- 
moved by extraction with chloroform-ethanol (1:1) 
and the latter in the usual way. By this procedure it 
is possible to prepare large quantities of phytoglyco- 
lipide directly from crude soybean and corn phospha- 
tides with the minimmn of operations. 
Composition of Phytoglycolipide. The purified phy- 
toglycolipides gave strong positive Moliseh and an- 
throne tests. The Scherrer inositol test was positive, 
and a weak ninhydrin test was obtained with an 
anhydrous pyridine reagent (not in 50% aqueous 
pyridine). Since long-chain base nitrogen accounted 
for about half of the total nitrogen, it was presumed 
that an ethanolamine moiety was responsible for the 
ninhydrin test. The purified lipide gave a negative 
Lieberman-Burchard sterol test. 
The infrared spectra of various samples of phyto- 
glycolipide were identical and showed the expected 
peaks, including strong amide bands at 1,530 and 
1,640 cm. -1. In addition, a broad medium strength 
peak at 1,720 cm. 1 was present. This could result 
from a carboxyl or a lactone group and was particu- 
larly interesting in view of the reported presence of 
tartaric acid in soybean lipositol (37). 
Fur ther  information (both qualitative and quan- 
titative) concerning the composition of phytoglyco- 
lipide was obtained by various hydrolytic degrada- 
tions. Previous studies (16, 17, 33) had shown the 
presence of soybean inositol lipides of galactose, 
arabinose, and mannose, and the first two had been 
detected in corn (33) and peanut (17) p hosphatides. 
A careful chromatographic study was made of the 
T A B L E  V 
P r o p e r t i e s  of  P u r i f i e d  P h y t o g l y c o l i p i d e s  
Source 
orn . ,  
l a x s e e d . .  
o y b e a n  . . . . . . . . . . . . . . . . . . . . . .  ~.. 
c a n . t .  
o ~ o n s e e d  
u n f l o w e r s e e d  
N..itr o- 
g e n  
% 
1 . 8 8  
1 . 6 8  
1 . 6 6  
1 . 7 3  
1.66 
1 . 6 0  
L C B  
N i t r o -  
g e n  
% 
0 . 7 3  
0 .83 '  
0 . 7 9  
0 . 6 4  
0 . 8 0  
0 . 6 0  
P h o s -  
p h o r u s  
% 
1 . 9 3  
1 . 8 4  
2 . 0 7  
1 . 9 3  
2 . 0 1  
1 . 6 6  
A n -  
t h r o n e  
% 
2 0  
1 5  
2O 
ig 
2 0  
[al# 
( p y r i -  
d i n e )  
degrees 
+ 5 0  
+ 4 7 . 3  
+ 5 3  
+ 5 0 . 6  
+ 4 7  
+ 5 1  
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water-soluble material produced by mild acid hy- 
drolysis of various phytoglyeolipide samples, using 
lutidine-water and butanol-acetic acid-water systems. 
Galactose, arabinose, and mannose were found in 
hydrolysates of all the samples tested. Fur thermore  
in a rough semi-quantitative comparison there ap- 
peared to. be approximately equimolar concentrations 
of the three sugars. The presence of mannose was 
confirmed by preparat ion of the phenylhydrazone. 
A preparat ive scale, isolation and separation of the 
three sugars is now under  way in order to charac- 
terize each by physical properties and preparat ion 
of derivatives. 
I t  is interesting to note that  in the course of these 
studies, involving many individual experiments, no 
disaecharide was ever detected. Although far  from 
conclusive, this observation might suggest that  the 
three sugars are not attached to each other. Other 
explanations are of course possible. This relationship 
will make elucidation o.f s tructure of the intact lipide 
more difficult. 
Inositol and inositol monophosphate have been 
shown to occur in soybean phosphatide by Klenk 
and Sakai (20) and in soybean IL  in our labora- 
tories. These substances could have arisen however 
f rom the phosphatidyl inositol compounds. There- 
fore it  was necessary to carry  out similar studies 
on phytoglyeolipide. ( I t  should be noted that  phos- 
phatidyl  inositol is cleaved by mild alkaline hy- 
drolysis whereas no inositol or inositol phosphate is 
liberated from phytoglycolipide under  these condi- 
tions.) Paper  chromatography of a 6-hour, 6 N HC1 
hydrolysate of phytoglyeolipide established the pres- 
ence of inositol, but  no inositol phosphate was de- 
tected. With a 1-hour hydrolysis, inositol monophos- 
phate did appear and has been characterized by paper 
chromatography. I t  should be noted that  no other 
sugar phosphate has been detected in acid or alkaline 
hydrolysates. This observation is of importance in 
considering possible structures for phytoglyeolipide. 
Three nitrogenous bases, ethanolamine (37), serine 
(19), and phytosphingosine (1), have been reported 
in inositol lipides from plant sources. Since phytogly- 
colipide has a nitrogen to phosphorus ratio of 2 : 1 and 
half of the nitrogen in long-chain base :nitrogen, it was 
assumed that  ethanolamine and /o r  serine contributed 
the remaining nitrogen. Chromatography of acid hy- 
drolysates of phytoglyeolipide gave a number of nin- 
hydrin-positive spots. Two of these corresponded ap- 
proximately to ethanolamine and serine (or perhaps 
ethanolamine phosphates). Isolation of the basic sub- 
stance(s) by ion exchange chromatography gave an 
amine hydrochloride, the infrared spectrum of which 
showed polyhydroxy absorption, and was indeed essen- 
tially identieal to the spectrum of glueosamine hy- 
droehloride. A large-scale isolation gave a crystalline 
hexosamine hydrochloride in almost 10% weight yield. 
In f ra red  spectrum, X-ray  diffraction pattern,  optical 
activity, and chrumatographic behavior of this ma- 
terial were identical with those of D-glueosamine by- 
droehloride. D-Glueosamine alone when subjected to 
t reatment  with 6 N HC1 gives several ninhydrin- 
positive spots, one of which resembles that  of ethan- 
olamine hydroehloride. I t  is essential to use some 
caution in in terpret ing paper  chromatographic re- 
sults on strong acid hydrolysates of glyeolipides. We 
believe that  the ninhydrin-positive spots observed in 
hydrolysates of phytoglycolipide can all be accounted 
for by the presence of phytosphingosine and glueos- 
amine although the presence of minor amounts of 
ethanolamine cannot be rigorously excluded. Al- 
though D-glucosamine has been observed in several 
animal glycolipides (for review see 3), it  has not 
been reported previously as a constituent of plant 
]ipides. 
The presence of phytosphingosine in soybean IL 
was established by Carter  et al. (1) ,  and ill the course 
of this work the long-chain base determination of 
McKibben and Taylor  ( 2 3 ) w a s  used to follow the 
purification of phytoglyeolipide. The analytical data 
show that  70-90% of the phytosphingosine of inositol 
lipide fractions is recovered as phytoglyeolipide. The 
recovery from soybean phosphatide is considerably 
lower, suggesting that other types of phytosphingo- 
lipides may be present in the commercial phosphatide. 
This point is under  investigation. I t  is interesting 
that, whereas corn phosphatide yields phytosphingo- 
sine (and its anhydro derivative) on acid hydrolysis, 
soybean IL  yields ill addition an unsaturated de- 
rivative of phytosphingosine, the s tructure of which 
is under study. The phytoglyeolipides obtained from 
the two sources show a similar behavior. 
The fa t ty  acid constituents of phytoglyeolipide 
were also characterized. Soybean phytog]yco]ipide 
fa t ty  acids consisted of about 5% eerebronie acid 
(a-hydroxytetraeosanoie acid) and 95% of a mixture 
of stearie and palmitic acids; corn phytoglyeolipide 
gave a mixture  of C24 and C2~ a-hydroxy acids (65%),  
lignoceric acid (11%),  and a stearic-palmitic acid 
mixture (24%).  I t  is interesting to note that  animal 
sphingolipides also contain high proportions of C24 
acids (eerebronic, lignoeerie, nervonie).  
The established components of phytoglycolipide 
( fa t ty  acid, phytosphingosine, inositol, glucosamine, 
galaetose, arabinose, mannose, phosphate) accounted 
for most, but not all, of the properties of phytoglyeo- 
lipide. Although analytical, data on substances of 
sueh high molecular weight are not highly definitive, 
nonetheless the nitrogen, and phosphorus values were 
consistently lower than would be expected from sub- 
stances containing these moieties, joined by glycosidic, 
phosphate diester, and amide bonds. The analytical 
data clearly indicated the presence of a highly oxy- 
genated constituent of at least four carbons. Fur-  
thermore the earboxyl absorption in the infrared 
spectrum remained to be allocated. 
Since tartaric  acid had been reported as a constitu- 
ent of soybean lipositol, several attempts were made 
to isolate tar tar ic  acid or a derivatiw~ thereof from 
phytoglycolipide. These attempts were uniformly un- 
sueeessful. In reviewing various types of hexosamine 
derivatives known to occur in nature, hyalobiuronie 
acid (36) and ehondrosine (8) came umler  consider- 
ation. The presence of a hexuronie acid moiety in 
phytoglyeolipide would satisfy the analytical data 
and provide a earboxyl group. The faihlre to detect 
the unknown substance on papergrams would be ex- 
plained by the known instability of the hexuronic 
acids to strong acids. Application of the Dische 
carbazole reaction ( 1 0 ) i n d i c a t e d  clearly the cor- 
rectness of this surmise, and degradation studies, 
to be reported in a subsequent paper, established 
the presence of a hexuronie aeid-glueosamine moiety 
in phytoglycolipide. 
All of the properties of phytoglyeolipides can now 
be accounted for  on the basis of the known constitu- 
ents. The uni form presence of these substances and 
the similar physical properties of phytoglyeolipide 
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samples f rom several different sources s trongly sup- 
ports  the view tha t  phytoglycolipide as p repared  is a 
relatively homogeneous new type of sphingolipide 
derivative which occurs general ly in p lant  seeds. 
Fu r the r  studies on this interest ing substanee are 
now in progress. One of the immediate problems is 
whether phytoglyeolipide occurs as such or as a more 
complicated derivative in the original phosphatides. 
The sohlbility propert ies  of phytoglyeolipide are so 
markedly  different f rom those of crude inositol lipide 
that  i t  seems hard ly  possible to account for  the dis- 
crepaneies on the basis of mutua l  solubility effects. 
I t  seems more probable that  a less polar moiety was 
cleaved f rom phytoglycolipide dur ing  the alkaline 
hydrolysis. The presence of glycerol in the phyto- 
sphingolipide fract ions of the countercurrent  distri- 
bution suggests that  a phosphat idyl  moiety may  be 
at tached to phytoglyeolipide, and the analytical  da ta  
of fractions C and D are: consistent with this hypothe- 
sis. The final answer to this question will require the 
isolation of the intact  lipide by  non-hydrolyt ic  meth- 
ods, and to this end the countereurrent  distr ibution 
studies are now being renewed. 
Experimental :, 
Analytical Methods. Nitrogen was determined by 
the micro-Kjeldahl  method and phosphorus by a 
slight modification of t h e  procedure of Ha r r i s  and 
P ran j iva r  (15). "Long-chain base"  ni trogen was de- 
termined by  the procedure of 3/IeKibben and Taylor  
(23) .  Pape r  chromatographic  procedures are refer red  
~o in the individual  sections. 
Preparation of Corn IL. A sample of Vodol corn 
phosphatide (400 g.) was placed in a 12-liter flask, 
and four  liters of glacial acetic acid were added. The 
mixture  was st i rred for 1 hr. The solution was filtered 
on a Biiehner funnel. The insoluble m a t e r i a l  was 
resuspended in two liters of glacial acetic acid a n d  
again filtered. The moist insoluble mater ia l  (weight 
180 g.) was divided between two 500-ml. centrifuge 
bottles; 45 ml. of water  and 80 ml. of benzene were 
added to each bottle. The bottles were t ight ly  corked 
and shaken manual ly  for  5 Inin. unti l  no large 
particles settled to the bottom. Then the bottles 
were centrifuged, and the clear uppe r  phase was 
siphoned off. (When the uppe r  phase contained some 
suspended mater ial  even a f te r  prolonged centr ifuga- 
t ion,  the uppe r  phase was allowed to settle in the 
cold over-night) .  The aqueous layer  was re-extracted 
with 30 ml. of benzene for each bottle, and the ben- 
zene layer was separated by  centrifugation.  The 
combined benzene layers were lyophilized, giving 53 
g. of brownish powder. This was extraeted with 
530 ml. of chloroform-ethanol mixture  (1:2  v / v )  
with st irr ing for 1 hr. The mixture  was filtered, 
and the insoluble mater ial  was separated by filtra- 
tion and washed with a small amount  of chloroform- 
ethanol. The moist insoluble mater ial  was dissolved 
in a minimum amount  of benzene and lyophilized. 
The inositol lipide thus obtained weighed 46 g. 
Preparation of Soybean Inositol Lipide. A 400-g. 
sample of Sta-sol (soybean lecithin) was added to 
four  liters of glacial acetic acid with continuous stir- 
r ing in a 12-liter flask, and the mix ture  was st irred 
for  1 hr. The glacial acetic acid became dark  brown 
in color. Af te r  the s t i rr ing was stopped, a dark  
brown, gummy solid settled to the bottom. The 
acetic acid was separated by  decantation, the gum 
was washed with 400 ml. of glacial acetic acid, which 
was also decanted. The moist gum (weight 115 g.) 
was dissolved in 500 ml. of benzene and  divided 
evenly in two 500-ml. centr ifuge bottles; 25 ml. of 
water  were added to each bottle. The bottles were 
shaken and centrifuged. The clear benzene layer  
was siphoned off and lyophilized. The lyophilizate 
weighed 53 g. The product  was next  t reated with 500 
ml. of chloroform-ethanol (1:2 v / v ) .  The mixture  
was st irred for  1 hr. and centrifuged. The super- 
na tan t  was decanted, and the remaining solid was 
dissolved in 250 ml. of benzene and lyophilized. The 
crude inositol lipide was obtained in a yield of 35 g. 
Coun tercurrent Distribution Studies. These stud- 
ies were made in the Craig  type of appara tus .  The 
100-transfer distr ibution was per formed in a 53-tube 
machine (tube capacity,  80 ml. of each phase) by  the 
single wi thdrawal  technique (17). The 400-transfer 
distr ibution was per formed in a ful ly  automatic  200- 
tube appara tus  (tube capaci ty  40 ml. of each phase) ,  
again with the single, wi thdrawal  technique. In  order 
to obtain better  distr ibution behavior the hexane- 
methanol  system of Scholfield and Dut ton  (33) was 
modified systematical ly unti l  a sat isfactory combi- 
nation was found in n - b u t a n o l - n - h e p t a n e - m e t h a n o t  
water.  The system was p repared  by mixing n-hep- 
tane, 6,000 ml.;  n-butanol (sa tura ted  with water) ,  
4,000 ml.;  methanol, 1,900 ml.;  water,  100 ml.;  and 
by allowing the system to equilibrate. The inositol 
lipide was dissolved in the upper  phase in 5% con- 
centrat ion (higher concentrations affect the nature  
of the distribution (27). The solution was equili- 
bra ted with the Iower phase, and the mixture  was 
introduced into tube 0. In  the ease of the 400-trans- 
fer  distr ibution 16 g. of corn inositol lipide were 
dissolved in 160 ml. of the uppe r  phase, and the 
solution was distr ibuted over the first eight tubes 
(tubes 0-7) to begin the distribution. At  the end 
of the distr ibution small aliquots were removed for  
determinat ion of the weight distribution. Appropr i -  
ate tubes were combined, and the solvents were 
removed in vacuo under  reduced pressure. The resi- 
dues were dissolved in benzene, lyophilized, and 
finally dried in vacuo o v e r  phosphorus pentoxide. 
The distr ibution results and the e lementary and 
group analyses are summarized in Tables I and I1 
and Figure  1. 
Preparation of Crude Phytoglycolipide. 
a) From Corn IL. F i f t y  grams of crude lipide 
were placed in a 2-liter glass bottle with a ground 
glass stopper. One liter of 1 N K O H  was added, the 
bottle was t ight ly  stoppered, and  the mixture  was 
shaken on a mechanical shaking machine in a con- 
s tant  t empera ture  room at 37 ~ for  24 hrs. The yel- 
low soapy solution was poured into a 4-liter beaker, 
surrounded by an ice bath, and cooled with s t i r r ing 
to 20 ~ 5 N HC1 was added slowly with cooling and  
vigorous s t i r r ing to br ing the solution to p H  1, and 
1,650 ml. of acetone were added. The f a t t y  acids 
dissolved, and  a white solid settled fa i r ly  rapidly.  
Af t e r  centr i fugat ion the: superna tan t  solution was 
decanted and replaced with 300 ml. of a solution 
consisting of two pa r t s  of acetone and one pa r t  of  
0.5 N ItC1. The precipitate was resuspended by shak- 
ing the stoppered centr i fuge bottles for  20 rain. on a 
mechanical  shaker, the suspension was then Centri- 
fuged, and the acetone-acid wash solution was de- 
canted. This washing procedure was repeated three 
times. 
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The final precipitate was suspended in 300 ml. 
of acetone by shaking, and the heavy powder was 
filtered on a medium fr i t ted  glass funnel.  The prod- 
uct was dried in vacuo for  24 hrs. (yield 19.0 g.). 
b) From Soybean Phosphatide (Acetone-extracted). 
One hundred grams of crude phosphatide were placed 
in a 1-gal. glass bottle with ground glass s topper;  
2.5 liters of 1 N K O H  were added, and the bottle was 
t ight ly stoppered. The mixture was shaken on a me- 
chanical shaking machine in a constant temperature  
room at 37 ~ for 24 hrs. Then the, bottle was pu t  into 
an ice bath, and 500 ml. of 5 N HC1 were added 
slowly with cooling and vigorous shaking. The neu- 
tralized mixture  was then brought  to pH  1 by the 
addition of 58.5 in]. of 98% formic acid. St irr ing 
was continued unti l  the temperature  reached 20 ~ 
when 4,740 ml. of acetone were added. The fa t ty  
acids dissolved, and a white precipitate, which set- 
tled fair ly  easily, was separated by eentrifugati0n. 
The precipitate thus obtained was again shaken with 
500 ml. of acetone, containing 2.8% of formic acid, 
for  20 rain. on a mechanical shaker. The suspension 
was centrifuged, and the acetone-acid solution was 
decanted. Next the procedure was repeated, using 
anhydrous acetone. The final precipitate was sus- 
pended in 500 ml. of anhydrous acetone by shaking, 
and the suspension was filtered, giving a white amor- 
phous powder. The product  was dried in vacuo for  
24 hrs. in a desiccator, which contained both sul- 
phuric acid and sodium hydroxide. The yield in 
several runs varied between 15 and 18 g. 
c) From Other Lipides. Flaxseed IL  was prepared 
according to the method of Carter et al. (1). Com- 
mercial peanut  lecithin was exhaustively extracted 
with acetone, and the insoluble material  was used as 
a s tart ing material for  the saponification. The same 
acetone t reatment  was applied to phosphatides from 
cottonseed oil, sunflowerseed oil, and wheat germ oil. 
Individual  saponification procedure was essentially 
identical to that  applied to soybean phosphatides. 
The phytoglycolipide fractions obtained by this 
procedure were white amorphous solids with the 
exception of that f rom peanut, which was a light 
brown. Analytical  data  on these products  are re- 
corded in Table IV. The product  f rom corn gave a 
high phosphorus value as a result  of contamination 
by the l ipophytin degradation product.  The soybean 
and peanut  products contained a high proportion of 
sterol glucoside, accounting in par t  for  the low nitro- 
gen and phosphorus values. 
Purification o~ Crude Phytoglycolipides. The solu- 
bility properties of phytoglycolipide made purifica- 
tion difficult. Chromatography of pyridine solutions 
on alumina failed to bring about any significant puri- 
fication. Attempts  to devise pyridine-containing sol- 
vent  systems which could be used for countercurrent  
distribution also failed. Extract ion with a chloroform- 
ethanol mixture  (1:1 or 1:2)  removed sterol glyco: 
sides and some of the impurities but  failed to remove 
the high-phosphorus impuri ty.  However this impur- 
i ty  remained insoluble on pyridine extraction, and 
the lipide was recovered from the pyridine solution 
by precipitation with ethanol and purified by wash- 
ing with acetone and dilute acid to remove pyridine. 
a) Crude Product from Corn Inositol Lipide. In  
the case of the crude phytoglycolipide prepared from 
corI1 inositol lipide, the pyridine-ethanol precipitation 
procedure only was applied. Ten grams: of crude 
phytoglycolipide were placed in a 500-ml. centrifuge 
bottle. Reagent grade pyridine (100 ml.) was added, 
and the bottle was corked and shaken for  5 rain. The 
suspension was centrifuged, and the supernatant  solu- 
tion was decanted. I f  the solution was not clear, one 
teaspoonful of "Hyfio-Super-Cel" was added, and 
the suspension was filtered through a medium sintered 
glass funnel.  The clear filtrate was poured into a 
500-ml. centrifuge bottle, and 200 ml. of ethanol were 
added with stirring. The thick suspension was centri- 
fuged, and the light yellow pyridine-ethanol super- 
natant  solution was decanted. The voluminous pre- 
cipitate was washed once with pyridine-ethanol (1: 2) 
and once with 300 ml. of acetone. The precipitate was 
suspended in 200 ml. of acetone, and 100 ml. of 0.5 N 
hydrochloric acid were added with stirring. A sticky 
solid settled rapidly.  The suspension was centrifuged, 
and the acid-acetone was decanted. The sticky pre~ 
cipitate was resuspended in acetone, and the heavy 
powder thus obtMned was filtered onto a medium sin- 
tered glass funnel  and dried in a vacuum desiccator 
(yield 7.10 g. of purified phytoglycolipide).  
b) Crude Product from Corn Phosphatide. Crude 
phytoglycolipide (117 g.) was shaken with 4 liters of 
chloroform saturated with water for  1.5 hrs. Then 
four  liters of 95% ethanol were added to the mix- 
ture, which was allowed to stand for  4 hrs. at  room 
temperature.  The mixture was centrifuged, and the 
insoluble f ract ion which gave a negative Lieberman- 
Buchard  sterol reaction was separated by decanta- 
tion. The sterol-free product  (72.0 g.) was then sub- 
jected to the pyridine-ethanol procedure described 
above, giving 29.4 g. of purified phytoglycolipide. 
c) From Soybean Phosphatide. A sample of crude 
phytoglycolipide (60 g.) was placed in a 2-liter een- 
tr ifuge bottle, and 1.5 liters of reagent grade pyridine 
were added. The mixture was thoroughly st irred and 
immediately centrifuged. The supernatant ,  which 
contained most of the sterol glycoside, was separated 
by decantation. The sticky insoluble material  was 
then t ransfer red  to a l- l i ter  flask with 900 ml. of 
pyridine and left  for  72 hrs. The phytoglycolipide 
gradually dissolved. Then the mixture  was again 
centrifuged, and the pyridine solution was separated 
by decantation. To this pyr idine  solution 1.8 liters of 
95% ethanol were added. A cloudy precipitate sep- 
arated and was allowed to settle over-night in the 
cold room. The major par t  of the supernatant  was 
siphoned off, and the remaining solid was fur ther  
separated by centrifugation. The voluminous precipi- 
tate was suspended in 300 ml. of acetone and centri- 
fuged. The acetone supernatant  was decanted. The 
precipitate was suspended in 200 ml. of acetone, and 
100 ml. of 0.5 N HC1 were added with stirring. A 
sticky solid settled rapidly and was ceI~trifuged. The 
acid-acetone was decanted, and the sticky precipitate 
was suspended in acetone. The heavy powder was 
filtered onto a medium sintered glass funnel  and 
dried in a vacuum desiccator, giving 4.30 g. of puri- 
fied phytoglycolipide. 
The pyridine insoluble fract ion (6.15 g.) was again 
extracted with 25 volumes of pyridine for  a week at  
room tempera ture  with occasional shaking. The pyri- 
dine extract  was t reated by the procedure described 
above. The extraction procedure was once more ap- 
plied to the pyridine insoluble fract ion obtained from 
the second extraction. In  this way 4.47 g. of addi- 
tional purified phytoglycolipide were obtained. 
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The low yield of phytoglycolipide in this purifica- 
tion procedure was probably  the result  of loss in the 
original p'yridine extraction to remove sterol glyco- 
side. I t  seems likely that  use of the chloroform-meth- 
anol extraction subsequently developed for  removal  
of sterol glycoside f rom corn phytoglycotipide would 
have improved the yield here. 
d) From Other Lipides. The purification methods 
were identical with those applied to corn and soy- 
bean lipides. 
Table V shows the analytical  da ta  and specific 
rotat ions of the purified phytoglycolipides. 
Purified phytoglycolipide is an amorphous solid, 
va ry ing  in color f rom light tan to pure  white. I t  is 
obtained as a fine, nonhygroscopic solid. Phytoglyco- 
lipide does not melt, but  i t  browns and chars above 
200 ~ Careful ly  p repared  samples leave no ash when 
ignited. Phytoglycolipide is soluble in organic bases 
(pyridine,  morpholine) .  I t  is insoluble in water  and  
in aqueous acid but dissolves in an aqueous base to 
give a clear soapy solution, f rom which the excess 
base can be removed by  dialysis against  water  or 
against  a buffer ef  desired p i t  (above 3). The elec- 
trophoretic behavior of these solutions was examined 
with corn and soybean products. Both phytoglyco- 
lipides behaved as a mix ture  of two acidic materials.  
The components moved toward the anode even at  p i t  
3. The corn lipide was composed of 65% of a major  
component  and 35% of a minor  component while the 
soybean lipide showed a distr ibution of 95 and 5%. 
The inf ra red  spect rum of phytoglyeolipide showed 
the presence of hydroxyl  groups  (broad absorpt ion 
at 3,30'0-3,400 era. -~) of an amide group  (strong ab- 
sorption at  1,640 and 1,530 cm. -1) and of methylene 
groups  (2,820-2,890 era. -1 and 1,470 cm.-1). In  ad- 
dition, there was a ra ther  broad medium st rength 
peak a t  1,720 cm. -~, indicat ing the presence of a non- 
amide carbonyl group (free acid or possibly lactone).  
Removal of Lipophytin from Corn Inositol Lipide. 
A two-phase system was p repared  by  mixing n-hex- 
ane, 1,500 ml. ; n-butanol  sa tura ted  with water,  1,000 
ml. ; methanol, 475 ml. ; water,  25 ml. A sample of 
corn inositol l ipide (108 g.) was dissolved in 1,080 
ml. of upper  phase, and the solution was equil ibrated 
with 1,080 ml. of lower phase for  2 hrs. The dark  
brown turbid  lower phase was wi thdrawn and centri- 
fuged for 45 rain. (2,500 r.p.m.) a t  - -5% The clear 
brown superna tan t  was decanted. The light brown 
residue was dissolved in benzene, and  the solution 
was lyophilized. The residue was dried for 48 hrs. 
over P205 in vacuo, giving 6.24 g. of tan powder (N 
0.85%, P 11.97%). This. mater ia l  resembles closely 
the heptane-soluble f rac t ion  (E)  obtained in the 400- 
t r ans fe r  countercurrent  distribution. 
The uppe r  and lower phases were combined and  
evaporated to dryness  under  reduced pressure. The 
residue was dissolved in benzene and  lyophilized, giv- 
ing 95.5 g. of purified corn I L  (N 0.77%, P 3.73%, 
LCB N 0.31%).  
Compo~itio~ o~ Phytoglycolipide. 
a) Detectio~ of Sugars. A 20-rag. sample of phyto- 
glyeolipide was hydrolyzed with 0.5 ml. of 0.5 N 
HsS04 at  100 ~ for  12 hrs. The aqueous solution was 
filtered and neutral ized with Dowex 2 (HC03-  phase) .  
The result ing solution was subjected to descending 
chromatography  in two solvent systems and com- 
pared  with a s t andard  mixture  of arabinose (A) ,  
galactose (G),  and mannose (M). The spots were 
developed with aniline phthalate.  The fastest-mov- 
ing spot was assigned an " R x "  value of 1.00 and the 
others were compared with it. The results are sum- 
marized below. 
Solvent System "Rx" of Hydrolysate "Rx" of Standards 
L u t i d i n e - W a t e r  p ink  1.00 p ink  (A)  1.02 
13 :7  b rown  0.95 b rown  (1Vs 0.96 
red-brown 0.84 red-brown(G) 0.84 
n-Butanol-acetic pink 1.00 pink (A) 1.00 
acid-water brown 0.96 brown(M) 0.95 
(4:1:1) brown 0.88 brown(G) 0.86 
Two-dimensional chromatography,  using these two 
systems, also showed identical behavior of the hy- 
drolysate and the s tandard  solution. 
b) Isolation o~ Mann ose Phenylhydrazone. A sam- 
ple of phytoglycolipide (6.2 g.) was reflt~xed with 
100 ml. of 0.3 N methanolic HC1 for  3 hrs. The solu- 
t ion was cooled to 0 ~ and  f l tered.  The filtrate was 
concentrated under  reduced pressure. The residue 
was dissolved in 50 ml. of 0.5 N H2SO4, and the solu- 
tion was refiuxed for  12 hrs., cooled, and  filtered. 
The solution was neutral ized with Dowex 2 (HCOa- 
phase) to pI-I 6. The filtrate was concentrated to a 
sy rup  (0.46 g.) on the water  p u m p ;  150 mg. of the 
syrup  were dissolved in 4 ml. of water,  and two drops 
of phenylhydrazine  were added. The solution was 
allowed to s tand 1 hr. at room temperature .  The 
heavy precipitate was filtered and recrystall ized f rom 
methanol,  giving 15 rag. of pheuylhydrazone melt ing 
at  182-184 ~ (hot stage, nncorr . ) .  
ClsHlsO~N2. Calculated: C 53.31, H 6.71, N 10.83 
Found:  C 53.24, H 6.48, N 11.01 
The in f ra red  spect rum of this mater ia l  was identical 
with tha t  of a u t h e n t i c  mannose phenylhydrazone 
(m.p. 186-188 ~ ). 
c) Inositol. Inositol was l iberated f rom phytoglyco- 
lipide by  hydrolysis  with 6 N tIC1 at 100 ~ fo r  6 hrs. 
I t  was visualized on paper  with the silver ni t rate-  
sodium hydroxide or the per ioda te -permangana te  
reagent.  I n  2-propanol-acetic acid-water (3 :1 :1 ) ,  
inositol (Rf 0.14-0.20) was cleanly separated f rom 
glucosamine. 
Pure  inositol was obtained in the course of the 
glucosamine isolation procedure. The effluent f rom 
the I R  120 column before elution with acid was 
lyophilized. The d ry  residue (0.26 g.) was dissolved 
in 3 ml. of water, and ethanol was added to make 
30 ml. The mixture  was stored at 2 ~ White  crystals 
formed slowly. The solution was stored at - -10  ~ r 
2 days. The white solid was collected, washed with 
ethanol, and dried. This crop of crystals  weighed 
44 rag. ( f rom 1.5 g. of lipide) and melted at  218- 
223 ~ . The inf ra red  spect rum of this mater ial  was 
identical with that  of authentic inositol. I n  three 
solvent systems it showed an Rf on pape r  identical  
with tha t  of authentic  inositol. A f t e r  one reerystal-  
lization f rom ethanol-water the mater ia l  melted at  
227-230 ~ Authent ic  inositol melted at  227-228 ~ on 
the same stage. 
d) In ositol Phosphate. One g ram of corn phytogly- 
colipide was hydrolyzed with 20 ml. of 6 N tIC1 under  
reflux for  1 hr. The  hydrolysate  was placed in the 
cold room for  3 hrs., and  the floating solid was re- 
moved. The filtrate was lyophilized, and the residue 
was dissolved in 10 ml. of water.  The solution was 
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clarified with Super-Cel to remove humin-like ma- 
terial. An excess of lead acetate solution was added 
to the filtrate. The precipi tate  which formed imme- 
diately was separated by centr i fugat ion and washed 
with water  several times. The residue was suspended 
in 10 ml. of water  and t reated with H2S. The lead 
sulphide formed was removed by filtration, and the 
colorless filtrate was concentrated in vacuo to 0.3 ml. 
Absolute ethanol (25 ml.) was added, and the turbid  
solution was left  in the cold room over-night. The 
white powdery precipi ta te  was separated by decanta- 
tion, washed with ether, and dried (yield 10.7 mg.) .  
This mater ia l  behaved exactly like authentic inositol 
monophosphate  on pape r  chromatography  [Rf 0.4 
with 2-propanol:eonc. NH4OH:wa te r  (5:4:1) (9) vis- 
ualized with the Hanes-Isherwood and with the peri- 
odate permangana te  reagents] and gave an identical 
in f ra red  spectrum. In  another  hydrolysis  100 rag. of 
inositol monophosphate were obtained. The crude 
product  was twice repreeipi ta ted as described above. 
The purified product  decomposed a t  200-210 ~ . 
e) Ninhyd~n Positive Materials. Paper Chroma- 
tography. Phytoglycolipide samples were hydrolyzed 
with 3 N sulfur ic  acid at 170 ~ for  4 hrs., or prefer-  
ably with 6 N hydrochloric acid at  100 ~ for  6 hrs. 
for the detection of ninhydrin-posi t ive materials.  
The solvent system 2-propanol -ace t ie  ac id-water  
(3 : 1 : 1) was found to be most effective for separas 
the ninhydrin-posi t ive components of phytoglyeolip- 
ide. Two other systems were used for  the tentat ive 
identification of ethanolamine. 
Rf of Mate r i a l s  in  Var ious  Solvent  Systems 
2-Propanol-acetic n-Butanol-acetic n-Propanol-aeetic 
acid-water acid-water acid-water 
3 : 1 : 1  4 : 1 : 1  ( 1 0 : 1 : 9 )  
0.57 red-violet  E t h a n o l a m i n e  
Serine 
Phosphory]  
e thano lamine  
H y d r o l y s a t e  
0.62 red-viole t  
0.34 viole t  
0.22 viole t  
0.65 red-viole t  
0.46 viole t  
0.32 g r a y  viole t  
0.26 in tense  
b lack-vlo le t  
0.56 red-viole t  
long s t r eak  of 
lower R~. 
0.61 red-violet  
0.41 violet  
0.35 violet  
0.63 red-violet  
0.40 l i g h t  violet  
0.23 black-viole t  
D-Glucosamine. The first isolation was accomplished 
by chromatography  on IR  120, hydrogen phase, fol- 
lowed by  chromatography  on a wide strip of What-  
man  No. 1 filter paper  and elution of the band of 
p roper  R~. This gave 3 mg. of a white solid. The 
inf ra red  specrum suggested an amino sugar, and 
comparison with the spect rum of glucosamine hy- 
drochloride revealed a remarkable  similarity. 
A large-scale isolation was then undertaken.  A 
sample of purified phytog]ycolipide (1.5 g.) was re- 
fluxed with 150 ml. of 6 N hydrochloric acid for 6 
hrs. The hydrolysate  was cooled and  filtered. The 
filtrate was reduced to dryness  in a vacuum desic- 
cator. The residue was dissolved in 5 ml. of water  and 
neutral ized to p H  4 by addition of Dowex 2, ( H C Q ~  
phase).  The resin was filtered, and the filtrate was 
passed onto a column consisting of 30 ml. of I R  120, 
(H  § phase) ,  packed into a 50-ml. burette.  The resin 
was washed with water,  and the neut ra l  f ract ion was 
collected. (This mater ia l  was used in the isolation of 
inositol.) The resin was Muted with 0.3 N HC1. The  
ninhydrin-posi t ive fract ion was eluted between 50 
ml. and 150 ml. of acid. This f ract ion was reduced 
to small volume, neutral ized with Dowex 2, HCO3- 
phase),  and lyophilized. The residue weighed 0.141 g. 
A port ion of this crude base fract ion (0.12 g.) was 
dissolved in 0.5 ml. of water,  2 drops of concentrated 
hydrochloric acid were added, and absolute ethanol 
was added to make a total  volume of 25 ml. This 
solution was cooled, and then 3 ml. of acetone were 
added. The mixture  was permit ted to stand at - -10  ~ 
over-night, giving a crop of fine white crystals. 
Af te r  two recrystallizations the total  crude base 
fract ion yielded 58.5 rag. of pure  D-glucosamine hy- 
droehloride. 
C~}I1405NC1. Calculated: C 33.40, H 6.58, N 6.48 
Found:  C 33.71, H 6.57, N 6.49 
On paper  this mater ial  gave a double spot identical 
with that  of authentic D-glucosamine hydrochloride 
(21), as visualized with silver nitrate,  periodate, or 
Elsou-Morgan sprays. The inf rared  spectrum and 
X-ray  diffraction pa t t e rn  were identical  to those of 
D-glucosamine hydrochloride. The optical rotation 
and mutaro ta t ion  were observed. 
[a] ~5 (in water) Time 
degrees hours 
+ 9 6 . 2  1 
+78 .3  2 
+70 .0  4 
+ 6 8 . 8  24 
f) Phytosphingosine. Corn and soybean phyto- 
glyeolipides were hydrolyzed with methanolic H2S04, 
and the acetone compound and N-benzoyl derivative 
of the free base were prepared  as previously de-  
scribed (1). Corn phytoglycolipide gave characteris- 
tic phytosphingosine derivatives, but  the soybean 
products  differed in melt ing point as summarized 
below. 
Compound M.p. (Corn) . M.p. (Soybean) 
Free  base ............................................ 101.5-103 ~ 91.5- 93 ~ 
Acetone de r iva t ive  ............................ 105 -107 ~ 114 -117 ~ 
N-benzoyl  de r iva t ive  ........................ 136 -137 ~ 125 -127 ~ 
Fur the rmore  the soybean products  showed a sharp 
trans double bond peak in the in f ra red  at 970 era. -1. 
The absence of the anhydro base or O-methyl ether 
was indicated by the lack of in f ra red  peaks in the 
region 1,11.0-1,150 cm. -1. 
Mierohydrogenation [appara tus  similar to that  of 
F r a m p t o n  et al. (14)] gave an uptake of 0.65 moles 
of hydrogen per  mole of N-benzoyl derivative. The 
reduced product  gave no peak at 970 cm. -1 and melted 
at 135 ~ I t  seems probable that  the soybean N-benzoyl 
derivative is a mixture  of N-benzoyl-phytosphingosine 
and an unsa tura ted  derivative of phytosphingosine. 
The s t ruc ture  of this mater ial  is being investigated 
fur ther .  
f) Fatty Acids. A sample of crude corn phyto- 
glycolipide (1.20 g.) was hydrolyzed with 6 N hydro- 
chloric acid for  6 hrs. at 100 ~ The hydrolysate  was 
filtered, and  the blaek residue was washed thoroughly 
with water.  The residue was washed with a few ml. 
of acetone and then dissolved in 200 ml. of a chloro- 
form-methanol  mixture  (4:1) .  The acetone wash was 
added to the chloroform-methanol solutioN, 1 g. of 
Darco was added, and the mixture  was warmed to 
boiling. The hot solution was filtered through a pad 
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of "Hyf lo-Super -Cel . "  The brown filtrate was taken 
to dryness. The da rk  residue weighed 0.53 g. 
A s lurry of silicic acid (Mallinkrodt No. 2847, 
acid- and acetone-washed) was prepared in reagent 
grade chloroform (contains 0.75% ethanol). This 
s lurry  was poured into a 2.5 by 40-era. column fitted 
with a stopcock at  the bottom and containing a glass 
wool plug. The s lurry  was allowed to settle to give 
a column of adsorbent 2.5 by 26.5 era. The sample 
was applied in 10 ml. of warm chloroform. The 
column was eluted with reagent grade chloroform. 
No pressure was applied other than a 20-em. head 
of chloroform. Fractions of about 10 ml. each were 
collected with a time-controlled fract ion collector. 
The flow rate varied somewhat and had to be con- 
trolled by means of the stopcock in order to collect 
fractions of uni form volume. The fractions were 
evaporated to dryness in tared test tubes, and the 
residues were weighed after  thorough drying. 
The totaI weight of material eluted was 207 rag. 
(17.3% of the weight of original lipide). Three peak 
fractions (I, II ,  I I I )  were obtained (I and I I  not 
cleanly separated).  
Fract ion I (tubes 6-10; weight 50.2 rag.) melted 
at 39-49 ~ , and the neutralization equivalent and in- 
f ra red  spectrum indicated a mixture  of palmitie and 
stearie acids. 
Fract ion I I  (tubes 11-21; weight 22.5 rag.) melted 
at 75-77.5 ~ On reerystallization from ethyl acetate 
the melting point sharpened to 76-77.5 ~ This mate- 
rial gave analytical data in good agreement with 
those of lignocerie acid (m.p. 84 ~ although the melt- 
ing point is somewhat low. 
C24H4sO2. Calculated: C 78.19, H 13.3 
Found:  C 78.30, H 13.33 
Fract ion I I I  (tubes 28-40; weight 127 mg.) was 
recrystallized f rom 2 ml. of ethyl acetate giving 103 
rag. of a white solid melting at 100-102 ~ Af ter  a 
second recrystallization the acid melted at 103-104 ~ 
The infrared speetrllm of this material  was identical 
with that of authentic cerebronic acid. However the 
analytical data were not in good agreement. 
C24H4s03. Calculated: C 74.93, H 12.58 
C26H~o03. Calculated: C 75.72, H 12.61 
Found:  C 75.30, H 12.41 
Found  (soybean) : C 74.39, H 12.20 
Fur thermore  pure cerebronic acid melts at  100- 
101 ~ Chibnall et al. (6) reported that  yeast cerebrin 
gave, on hydrolysis, a 90:10 mixture of a-hydroxy- 
hexaeosanoie acid and eerebronic acid. This mixture  
melted at 103.5-103.7 ~ Pro~tenik (28) has also iso- 
lated an a-hydroxy acid from yeast eerebrin, melting 
at 101-103 ~ to which he assigned the C26 structure.  
On the basis of melting point behavior and analytical  
data it seems almost certain tha t  the material f rom 
corn phytoglycolipide is a mixture  of cerebronic and 
~-hydroxyhexacosanoic acid while a similar sample 
from soybean gave analytical data corresponding 
more closely to those f o r  cerebronie acid. 
Summary 
A new complex lipide, phytoglycotipide, has been 
isolated from soybean, corn, flaxseed, peanut, sun- 
flowerseed, cottonseed, and wheat phosphatides. This 
material is obtained by a mild alkaline saponification 
procedure which destroys glycerol-containing lipides. 
The new lipide constitutes about 5% of the crude 
phosphatides and is obtained as a white amorphous 
powder of identical composition, optical activity, and 
solubility properties f rom the various sources. Phy-  
toglycolipide gives on hydrolysis phytosphingosine 
(and, in the case of soybean onIy, an unsatura ted 
derivative of phytosphingosine) f a t t y  acids, inositol, 
glucosamine, a hexuronie acid, galaetose, arabinose, 
mannose, and phosphate. 
Phytoglycolipide is the first sphingolipide of plant 
origin to be described and is unique among complex 
sphingolipides in that  it has the s tructural  features 
of a glyeolipide and of a phosphatide. 
Acknowledgment 
The authors are happy  to acknowledge generous 
gifts of soybean phosphatides from the A. E. Staley 
Manufactur ing Company, the Glidden Company, and 
the American Lecithin Company Inc.;  of corn phos- 
phatides f rom Refining Unincorporated;  of flaxseed 
phosphatide from the Minnesota Linseed Oil Com- 
pany;  of cottonseed phosphatides from L. A. Gold- 
blatt, Southern Utilization Research and Develop- 
ment Division, Agrieul tural  Research Service; of 
sunflowerseed phosphatide f rom Co-Op Vegetable 
Oils Ltd. ; and of wheat germ oil f rom the VioBin 
Corporation. 
The authors wish to express their  appreciation to 
Mrs. Aneilla Bay and Mrs. Har r ie t t  Cram for exten- 
sive technical assistance dur ing the course of these 
studies. 
REFERENCES 
an l"d Carter, H. E., Celmer, W. D., Lands, W. E. M., Mueller, :K. L., 
Tomizawa, H. H., J.  Biol. Chem., 206, 613 (1954).  
2. Carter, H. E., and Fujino, Y., J.  Biol. Chem., 2`91, 879 (1956).  
3. Carter, H. E., Galanos, D. S., and Fujino, Y., Canad. J. Bio- 
chem. and Physiol., 34, 320 (1956).  
4. Carter, H. E., Galanos, D. S., Gigg, R. H., Law, J. L., Naka- 
yama, T., Smith, D. B., and Weber, E. J., Federation Proc., 46, 817 
(1957).  
5. Celmer, W. D., and Carter, I t .  E., Physiol. Rev., 3`9, 167 (1952).  
6, Chibnall, A. C., Piper, S. H., and Williams, E. F., Bioehem. J., 
55, 711 (1953).  
7. Craig, L. C., J. Biol. Chem., 155, 519 (1944).  
8. Davidson, E. A., and Meyer, K., J. Am. Chem. Soc., 76, 5686 
(1954).  
9. Desj0bert A. and Petek, F. Bull. soc. chim. biol., 38, 871 (1956).  
10. I)ische, Z., J.  Biol. Chem., 167, 189 (1947).  
11. Faure, 2~1., and Morelec-Coulon, 3/i., Bull. soc. chim. biol., 39, 
947 (1957).  
12. Folch, J., Federation Proc., 6, 252 (1947).  
13. Folch, J., 'Thosphorus  5Ietabolism," vol. 2, p. 186, Baltimore. 
Williams and Wilkins, 1952. 
14. Frampton, V. L., Edwards,  J. I). Jr.,  and Herze, I t .  R., J. Am. 
Chem. Sot., 73, 4,43`9 (1951).  
15. Harris ,  W. D., and Pranj ivar ,  P., J.  Am. Oil Chemists' Sot., 
31, 124 (1954).  
16. Hawthorne,  J. N., In tern .  Colloquium Biochem. Problem, Lipi- 
den, p. 59, Koninkl. Vlaam. Acad. Wetensehap., letter, en Schone 
Kunsten Belgig, K1. Wetenschap., 1953. 
17. tIawthorne,  J. N., Biochim. et Biophys., Acta, 18, 389 (1955).  
18. t tawthor~e,  J. N., and Chargaff, E., J.  Biol. Chem., `906, 27 
(1954).  
19. Hntt,  t t .  W., lVIalkin, T., Poole, A. G., and Watt, P. R., 
Nature, 165, 314 (1950).  
20~ KIenk, E., and Sakai, R., Z. physiol. Chem., `958, 33 (1939).  
21. Leabaek, D. H., and Walker, P. G., Biochem. J., 67, 22P 
(1957).  
22. 3s T. A., and Earle, t~. 1~., J.  Am. Oil Chemists' Soe., 
,98, 328 (1951).  
23. l~cKibben, J. 3/[., and Taylor, W. E., J. Biol. Chem., 178, 291 
(1949).  
24. Malkin, T., and Poole, A. G., Chem. Soe., 3,470 (1953).  
25. Okuhara, E., and Nakayama, T., J.  Biol. Chem., 215, 295 
(1955). 
26. Olcott, H. S., Science, lO0, 226 (1944).  
27. Olley, J., Biochim. et Biophys. Aeta, 10, 493 (1953).  
28. Pro~tenik, M., Croat. Chem. Acta, `98, 287 (1956).  
29. Pro~tenik, M., and Stanacev, N. Z., Naturwissenschaften, 43, 
447 (1956).  
30. Radin, N. A., Lavin, F. B., and Brown, J. R., J. Biol. Chem., 
`917, 789 (1955).  
31. Schmidt, G., Benotti, J., Hershman,  B., and Thannhauser,  S. J., 
J. Biol. Chem., 166, 505 (1946).  
32. Scholfield, C. R., and Dutton, I-I. J., J.  Biol. Chem., `908, 461 
(1954).  
33. Scholfield, C. R., Dutton, It .  J., and Dimler, J., J.  Am. Oil 
Chemists' Sot., 29, 293 (1952).  
34. van Handel, E., "The Chemistry of Phosphoaminolipids," p. 80, 
Amsterdam, D. B. Centen. 1954; Rec. tray. chim.. 72, 764 (1953).  
35. Wagenkneeht, A. C., and Carter, 1=~. E., Federation Proc., 16, 
266 (1957).  
36. Weissmann, B., Rapport, 1~. ~ . ,  Tinker, A., and Meyer, K., 
J. Biol. Chem., 205. 205 (1953).  
37. Woolley, D. ~W., J.  Biol. Chem., 147, 581 (1943).  
[ R c e e i v e d  D e c e m b e r  16, 1957]  
